Pathogen-free sentinel mice were placed in 7 animal rooms with different housing conditions and were serologically screened for antibodies to mouse hepatitis virus (MHVL pneumonia virus of mice (PVML Sendai virus, reovirus 3, Theiler's mouse encephalomyelitis virus (TMEV), ectromelia virus and Mycoplasma pulmonis by enzymelinked immunosorbent assays, at intervals after introduction. The most commonly detected antibody was against MHV, which was found in mice from 4 rooms, followed by PVM antibody in mice from 3 rooms. Seroconversion to Sendai virus and TMEV was detected in mice from one room each. No seroconversion to any of the antigens was found in 2 rooms. The common criteria of these 2 rooms were that they housed pathogen-free animals from a single source and that the access to the rooms was, purposely or not, restricted to people who had no contact to other mice. The study demonstrated the importance of husbandry and hygienic regimen on the prevalence of infectious agents in laboratory mice.
the commonest species used in animal experimentation in biomedical research. Over the years vast amounts of data have been accumulated on its biology and physiology. A number of naturally occurring diseases, as well as bacterial and viral infections without apparent disease have been discovered and studied (Holdenried 1966 , Bhatt et a1. 1986 .
Early in the history of laboratory animal science, outbreaks of viral disease such as mouse pox (ectromelia virus] and neonatal enteritis due to mouse hepatitis virus (MHVL with high mortality and reduced reproduction rate, demonstrated drastically the importance of disease control (Fenner 1981 , Kraft 1966 . Through hysterectomy Correspondence to: Dr F R Homberger, lnstitut fUr Labortierkunde, Universitiit Ziirich lrchel, WinterthuIerstr. 190, 8057 Ziirich, Switzerland Accepted 18 May 1993 rederivation, improved husbandry and the culling of infected animals, most viruses causing overt disease were eradicated from laboratory mouse colonies (Small &. New 1981) .As science progressed it was discovered that not only apparent disease could interfere with biomedical research, but also inapparent, latent and even past infections with viruses could alter the physiological response of mice in experiments (Bhatt et a1. 1986 , Hamm 1986 , Kraft 1985 .
The need for virus-free mice was answered by introduction of specified pathogen-free (SPF)animals. Mouse colonies were established by hysterectomy rederivation and maintained in specially designed barrier-protected animal facilities (OtiS &. Foster 1983) . Full or semi-barrier housing and periodic health monitoring ensured the absence of infections with viruses and other pathogens (Loew &. Fox 1983) . Today all commonly used inbred and outbred mouse strains and stocks are commercially available in SPF quality.
Although most scientists today are purchasing only SPF animals, infections with murine viruses and mycoplasma are still found in research mouse colonies (Kraft & Meyer 1990j . This study attempted to demonstrate the inadvertent transmission of viruses and mycoplasma in rodent colonies by routine handling procedures and to assess the value of different husbandry conditions.
Materials and methods

Mice
Six-week-old Zur: ICR female out bred albino mice (Institute of Laboratory Animal Science, Zurich) were used as sentinels. Corynebacterium kutscheri, as well as endo-and ectoparasites. They were housed in groups of 10 in Macrolon type III cages with grid lids on hardwood shavings bedding and had access to food and water ad libitum. All rooms were temperature controlled (22± 2°C) and had a regulated humidity of 50 ± 10%. Animals were exposed to artificial light from 6 a.m. to 6 p.m.
Interim blood samples were collected by retro-orbital bleeding under methoxyflurane anaesthesia, and terminal bleeding was done by cardiocentesis after euthanasia with carbon dioxide gas.
Serology
Sera were tested for IgG antibody to MHV, PVM, Sendai virus, Reo-3, TMEV, ectromelia virus and Mycoplasma pulmonis by enzyme-linked immunosorbent assays (ELISA).Antigens were diluted in bicarbonate buffer (pH 9.6) and coated on Hornberger & Thomann 96-well microtitre plates (Dynatech, Embrach, Switzerland). All ELISA procedures were performed as described for MHV-3 [Hornberger 1988 , Hornberger 1992 .
Vaccinia virus was used as antigen for the detection of antibody to ectromelia virus. MHV-3 was provided by Volker Kraft lZentralinstitut ror Versuchstierzucht, Hannover, Germany), M. pulmonis by Brunhilde Illgen (CIBA-GeigyAG, Stein, SwitzerIandL all other virus stocks were obtained from American Type Culture Collection (Rockville, MD, USA).
MHV and PVM antigens were prepared as previously described (Hornberger 1988 , Hornberger 1992 . Sendai virus was propagated in lO-day embryonated hen's eggs (Gallipor AG, Waldkirch, Switzerlandl. Virus was isolated from the allantoic fluid by low speed centrifugation (5000xg, 10 min, 4°C) followed by a high -speed centrifugation (50000 xg, 2 h, 4°C) (Parker et al. 1978). TMEV was propagated in BHK-21 cells, Reo-3 and vaccinia virus in LLC-MK 2 cells [both cell lines from Flow Laboratory, Basel, Switzerland). After clarifying the cell culture fluid by low-speed centrifugation (5000xg, lOmin, 4°C), virus was pelleted by high-speed centrifugation (TMEV, Reo-3: 105000 xg, 4 h, 4°C; vaccinia: 54000 xg, 90 min, 4°C). Virus pellets were resuspended in TNE buffer (50mM Trishydrochloride, 100mM NaCI, 1mM EDTA) and purified by centrifugation on a linear sucrose gradient (15-50%, w/v in TNE) at 105000 xg for 5 h at 4°C ITMEV, Reo-3) or 54000 xg for 2 h at 4°C (vaccinia).
M. pulmonis was grown in PPLO broth (Difco, Basel, Switzerland) supplemented with 20% horse serum, 10% yeast extract, 1% glucose and 1000 U penicillin G per ml for 3 days and then pelleted by centrifugation (10000xg, 30 min, 4°C). The bacteria were lysed in phosphate-buffered saline (PBS) containing 0.5% lithium lauryl sulphate for 45 min at 37°C and dialysed against PBS for 24h at 4°C (Kraft et ai. 1982) .
Experimental design
To demonstrate the natural transmission of viruses and mycoplasma present in a mouse colony, 20 pathogen-free sentinel mice were placed in each of 7 selected animal rooms at different animal holding facilities. The animals were handled exactly like the other mice in the rooms, without optimizing the transmission of pathogens by housing them on soiled bedding. All animals were bled upon arrival and at intervals thereafter. The sera were tested for antibodies to MHV, PVM, Sendai virus, Reo-3, TMEV, vaccinia (for ectromelia virus), and M. pulmonis.
The animal rooms were chosen from different research facilities to represent a broad spectrum of managerial procedures (hygienic measures, animal sources, turnover, holding/breeding etc.)
Rooms A-D belonged to the same pharmaceutical company, but were in different locations. Room A was in a building on the main site of the company and rooms Band C on different floors of another adjacent building. Room D was located on the premises of the companyowned SPF-breeding facility outside of town.
Room A (20 m 2 ) housed only nonbreeding adult mice originating from the above mentioned SPF-breeding facility. The room was in a restricted area accesible only to people working there. Personnel were not required to change outer garments, since they had no contact with other animals outside this building. The animals in room A were used by a single investigator for multiple short term toxicology studies. Mice for each experiment stayed in the room for approximately 3 months. The studies were overlapping so that the room was never completely empty. Sentinels in Room A were bled on days 0, 14, 3D, 60 and 180.
Room B (20 m 2 ) also housed only nonbreeding adult mice originating from the above mentioned SPF-breeding facility. It was an open room, access was not restricted. The animals were used for overlapping short-term pharmaceutical studies of different duration by a single investigator. Sentinels were bled on days 0, 14, 30, 60, 180 and 240.
Room C (24m 2 l housed only nonbreeding aged rats originating from a single 115 commercial vendor. The supplier claimed that they were bred in a barrier-protected facility but no microbiological status documents were available. Upon arrival the rats were approximately 2 years of age and were used in a long-term study sometimes for several years until they died of natural causes. The animals that had died were replaced by monthly shipments from the same vendor. Access to the room was not restricted. Sentinel mice in room C were bled on days 0, 14, 3D, 60, 180 and 240.
All three rooms (A, B, C) were supplied by a centralized cage-washing facility. All animals were housed in Macrolon cages with grid lids that were sterilized after washing in a centralized autoclave. Cages were changed twice (Rooms Band C) or 3 times a week (Room A). Animals were provided with unautoclaved lab chow (Nafag AC, Cossau, Switzerland) ad libitum. Water was sanitized by sterile filtration and bottles were changed daily (except Sundays).
Room D housed only non-breeding adult mice from the adjacent company-owned breeding facility. Access to the room was not restricted, but because of its location animal-technicians and investigators had no contact with other mice outside the facility. Mice were used in overlapping short-term toxicological studies by different investigators. Animals were housed in open-top Macrolon cages with pineshavings. Cages and water-bottles were changed twice a week. Unautoclaved lab chow INafag AC, Cossau, Switzerland) and untreated tap water was available ad libitum. Sentinel mice were bled on days 0, 3D, 60, 90, 120, 150 and 180.
Rooms E, F and C existed on the premises of another pharmaceutical company. All 3 were located in the same building} but on different floors. All animals were housed in unautoclaved Macrolon cages with grid lids on hardwood shavings. Cages and water-bottles were changed weekly and the animals were provided with unautoclaved lab chow (Kliba AC, Kaiseraugst, Switzerland) ad libitum and untreated tap water.
Room F [30m 2 ) housed non-breeding adult and aged rats and some non-breeding adult mice belonging to a number of different investigators. The animals originated from different suppliers and their microbiological status ranged from SPF to conventional. The rats were engaged in long-term experiments whereas the mice were mostly used for short-term and acute studies with a high turnover rate. The room also served as a holding area for extra animals. Sentinel mice in Room E were bled on days 0, 14, 30 and 60.
Since parts of the room F (30m 2 ) were taken up by isolators, it did not hold as many animals as room E. It housed non-breeding adult mice and rats, originating from a number of different commercial vendors with miscellaneous microbiological status. They belonged to a single investigator and were used for immunological experiments of Homberger & Thomann different duration. Sentinel mice in Room F were bled on days 0, 14, 30 and 60.
Room G [20m 2 ) was somewhat different from all other rooms. It was used to breed mice and rats for non-scientific purposes [snake-food). The animals were of all ages, including neonates and unweaned animals. The population in the room was self-sustaining, breeders were recruited from the offspring, so no new animals had been introduced into the room for years. Sentinel mice were bled on days 0, 14, 30,60.
Results
Upon introduction into the test-rooms (day 0) all sentinel mice were free of antibodies to all antigens tested. Sentinels in rooms A and D remained antibody-free for the duration of the experiment [Tables  1 and 4J . In room B, animals seroconverted to PVM by day 180 and remained positive until the end of the experiment. Antibody to the other pathogens could not be detected ( Table 2) . All 20 mice housed in room C seroconverted to MHV within the first 2 weeks after introduction. Thirteen of them had antibody to Sendai virus by day 180, and all of them were positive by day 240 (Table 3 ).
In rooms E and F, all 20 sentinels had antibody to MHV by day 30. On day 30, one animal in room F and 14 in room E had seroconverted to PVM. One month later, all animals tested had seroconverted to this virus. Antibody to any of the other antigens was not detected (Tables 5 and 6 ). In room G, the breeding unit, all sentinels seroconverted to MHV by day 14. On day 60, antibody to TMEV could be detected in 9 of 14 animals. No other antibodies were detected (Table 7) .
Throughout the duration of this study no serum antibody to Reo-3, ectromelia virus or M. pulmonis was detected in any of the animals tested.
Discussion
The incidence of viral and mycoplasmal infections in European laboratory mouse colonies has generally decreased over the last few years. MHV is still the most prevalent virus in a seromonitoring survey of mice from laboratories in a number of different European countries (Kraft & Meyer 1990) . The results of the present, small-scale study in Switzerland match the European survey. Seroconversion to MHV was found in mice from 4 of 7 rooms screened. One of the reasons why MHV is still so common, is its transmissibility. Of the many different strains and biotypes of MHV that have been isolated, enterotropic strains are especially contagious and spread rapidly through a susceptible mouse Table 5 Detection of specific antibody to murine viruses and mycoplasma in sera of sentinel mice at intervals after introduction into room E population, usually infecting all animals within days [Barthold 1986 ). MHV is an acute, short-term infection in immunocompetent mice. The agent can be isolated from infected mice for up to only 30 days after infection (Barthold &. Smith 1990) . MHV can persist in an enzootically infected mouse population only if susceptible animals are introduced regularly.
Because of the rapid seroconversion of the sentinel mice in rooms E, F and G it can be assumed that the mice in these rooms were enzootically infected with MHV. In rooms E and F the enzootic virus infection was maintained by the constant introduction of adult mice not previously infected with the MHV serotype present in the room. In the closed breeding colony in room G weanlings probably serve as susceptible animals. Pups born to dams that have seroconverted to MHV are protected from infection and disease by maternal antibodies for up to 3 or 4 weeks after birth depending on the MHV sero-and biotype, but are likely to become infected when this immunity wanes [Barthold et al. 1988, Hornberger & Barthold 19921. Other viruses found in this study were PVM, TMEV and Sendai virus. This corresponds to the European survey (Kraft & Meyer 1990) . The small sample size may account for the difference in prevalence of individual pathogens. PVM and Sendai virus may have similar epizootiology as MHV but are less contagious and spread more slowly.
Comparing the housing conditions and the serological findings in the different rooms of this study we find that if all or part of the animals housed in one room originate from a conventional Inon-SPF) source as in rooms E, and F or from a dubious SPF source as in room C, a higher number of pathogens can be detected in the sentinels. In order to maintain virus-free mice in a research environment it is therefore imperative to purchase animals from a reliable source. They should be accompanied by a health certificate, stating which pathogens, the animals were free of. lt may be wise to have the health certificate verified occasionally by an independent lab. If animals of different sources are housed in the same room as in rooms E and F, the hygienic status of all animals will sink down to the level of the group with the poorest quality.
The sentinels in room C seroconverted to MHV and Sendai virus. The Sendai virus was probably introduced into the room by one of the monthly shipments of rats which arrived between days 60 and 180 of the study. MHV on the other hand could not have been transmitted by the rats. Rats can only experimentally be infected with MHV and even then they do not shed infectious virus (Barthold 1986) . MHV was most likely brought into the room by personnel who had contact with MHV infected mice in another room. The same mechanism probably caused the enzootic MHV infection in room B since all animals originally came from a MHV free source. The area which is serviced by the same people can be considered to be a single 119 hygienic unit, even if it consists of physically separate parts.
No seroconversion to any of the pathogens was detected in mice from two of the rooms (A and D). Both rooms were supplied by SPF-animals originating from a single source. Access to the rooms was restricted to people who had no contact with other mice and could therefore not serve as fomites for infections. This ideal situation may not be possible in all animal facilities. Often one is required to house animals from different vendors in the same unit or even in the same room. In this case it is possible to prevent transmission of pathogens between the different groups of animals by using micro-isolator cages (Barthold & Smith 1983) . In combination with a biological safety cabinet as a cage change station they provide an excellent alternative to an SPF-facility.
Live animals are not the only source of viral or mycoplasmal infections in an animal colony. Biological material such as transplantable tumours and cell cultures can be contaminated with these agents. If injected into an animal, the 'passenger' pathogen can then spread through the whole colony. Biological material must always be screened for contaminants by appropriate methods (deSouza & Smith 1989 , Hornberger et al. 1991 Since even closed colonies, such as the breeding colony in room G, can be enzootically infected with a virus without clinical disease manifestations, it is necessary to implement and maintain a quality assurance programme. Sentinel animals should be kept in every room. To facilitate detection, sentinels should be housed on soiled bedding from other animals on the same rack. Sentinels should be tested regularly for antibody to murine viruses and mycoplasma. A newly introduced infection may occasionally be recognized in time to be localized and eliminated before it spreads through the en tire facility.
Only with these precautions can a research animal facility be expected to stay free of infectious agents that can seriously interfere with animal experiments and render the obtained results useless or, at the very least, questionable.
